The effect of integrated use of manure and fertilizers on crop yield, nutrient uptake and soil fertility was studied in the Boro-fallow-T. Aman cropping pattern over two years. The experiment was set up at Bangladesh Agricultural University (BAU) farm, Mymensingh under the AEZ 9 (Old Brahmaputra Floodplain). The field trial consisted of eight treatments and control (no fertilizer or manure), 100% chemical fertilizers (CF), and IPNS based six treatments with six types of manure. Cowdung (CD), CD slurry, Trichocompost (TC) and vermicompost (VC) were added to soil at 5 t ha -1 and poultry manure (PM) and PM slurry applied at 3 t ha -1 . For all IPNS treatments, nutrient supply from manure was adjusted with that from chemical fertilizers. In each crop cycle, manure was applied to the first crop (Boro rice) and the residual effect was evaluated on the succeeding crop (T.Aman rice). The IPNS based treatments significantly increased the grain and straw yields of Boro rice and it had also positive residual effect on T.Aman rice. Trichocompost and vermicompost, among the six IPNS treatments, demonstrated higher crop yield and that was followed by poultry manure slurry and cowdung slurry. Integrated use of manure with fertilizers gave on an average 8.3-33.8% and 2.9-18.3% higher grain yield in Boro and T. Aman rice, respectively over sole fertilizers treatment. Higher nutrient uptake by crops (N, P, K & S) was also observed in IPNS treated plots. The IPNS treatments improved soil fertility in terms of increasing organic matter, N, P and S contents of soil after two crop cycles. The study suggests that manure and fertilizers should be used in an integrated manner to achieve sustainable crop yield, without incurring loss to soil fertility.
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INTRODUCTION
In Bangladesh, with advancement of time, nutrient mining increases due to increasing cropping intensity (191%, BBS 2017) , use of modern varieties, nutrient leaching, gaseous loss, soil erosion and imbalanced application of fertilizers with no or little addition of organic manure. Higher is the crop yield, higher is the nutrient removal from soil. Nutrient deficiency in this country's soils has arisen chronologically N, P, K, S, Zn and B (Islam, 2008; Jahiruddin and Satter, 2010) . About 45% of net cultivable areas of Bangladesh contain less than 1% OM (FRG, 2012) . Organic manure is a good source of nutrients, especially N, P & S and it's a good means of soil rejuvenation (Jeptoo et al., 2013) . So, use of OM could be an inevitable practice in the coming years for ensuring sustainable crop productivity without affecting soil fertility (Heikamp et al., 2011; Premsekhar and Rajashree, 2009 ).
Bio-slurry, by-product of biogas plant, can be a potential source of manure for crop production (Yu et al., 2010; Abubaker, 2012) . Bio-slurry is the residual manure generated through anaerobic decomposition of various organic materials, chiefly cowdung and poultry manure, in presence of anaerobic microbes in the biogas digester. About 25-30% of organic matter is converted into biogas during the anaerobic fermentation process, while the rest becomes available as manure (bioslurry).
As stated by Rahman et al. (2008) , unbalanced use of chemical fertilizers has affected soil health, causing a substantial decrease in soil organic carbon. As a general rule, use of organic fertilizers especially in composted form produces positive effect on soil health and fertility, which consequents increased crop yield on a long-term basis (Mehdizadeh et al., 2013) .
Manure or fertilizer alone cannot sustain soil fertility and crop yield over time, their combination is essential (FRG, 2012) . Nambiar (1997) viewed that integrated use of organic manure and chemical fertilizers would be quite promising not only in providing greater stability in production, but also in maintaining soil fertility status. Limited data are available on the growth, yield and nutrient content of agronomic crops treated with bioslurry, vermicompost and trichocompost. It is essential to develop a strong workable and compatible package of nutrient management through organic and inorganic sources for various crops based on scientific facts, local conditions and economic viability (Kannaiyan, 2000) .
The present study was, therefore, undertaken to develop an efficient nutrient management practice following the concept of IPNS approach in the rice-rice cropping pattern.
MATERIALS AND METHODS
The experiment was conducted at the soil science field laboratory of Bangladesh Agricultural University (BAU), Mymensingh for two consecutive years, 2012 and 2013. The experimental site was situated at 24.75 0 N latitude and 90.5 0 E longitude. The soil belongs to Sonatala series under agro-ecological zone (AEZ) 9, known as Old Brahmaputra Floodplain (FAO/UNDP, 1988). The soil was silt loam in texture having 6.29 pH, 1.85% OM, 0.124% total N, 3.96 mg kg -1 available P, 0.11 cmol kg -1 exchangeable K and 11.9 mg kg -1 available S.
Variety BRRI dhan29 and BINA dhan 7 was used for Boro and T. Aman rice, respectively. The experiment was laid out in a randomized complete block design (RCBD), with three replications. There were eight treatments. as shown in table 1. Treatments T 3 -T 8 received a definite amount of nutrients from different types of manure and the rest amount of nutrients came from chemical fertilizers so that the rate of every nutrient application was the same over the fertilizer and manure + fertilizer treatments. The fertilizer doses were rationalized for the second crop, as outlined in the Fertilizer Recommendation Guide (FRG, 2012) . The rate of manure application was 5 t ha -1 for cowdung, its slurry, and tricho-and vermi compost, and 3 t ha -1 for poultry manure and its slurry. Full amount of P, K and S fertilizers was applied as basal during final land preparation and urea was applied in 3 equal splitsthe one-third during final land preparation and the two-thirds during tiller and panicle initiation stages of crop growth. All types of manure were applied seven days before transplanting. Thirty five days' old seedlings were used for transplanting of both , 1000-grain weight (g) and grain and straw yields were recorded. Grain yield was expressed at 14% moisture basis and straw yield at sun dry basis, drying was done for a period until a constant weight was obtained. The grain and straw samples were collected, dried and ground for analysis of N, P, K & S contents following standard methods (H 2 SO 4 digestion for N and HNO 3 -HClO 4 digestion for P, K & S). Nutrient uptake by the grain and straw was calculated by multiplying their percent concentration with the corresponding yield. Composite soil samples were collected from every plot and prepared for chemical analysis. Soil pH was measured by glass electrode pH meter with soil-water ratio 1:2.5 (McLean, 1982) , organic matter by wet oxidation method (Nelson and Sommers, 1982) , N by Micro-Kjeldahl method (Bremner and Mulvaney, 1982) , P by 0.5M NaHCO 3 , pH 8.5 extraction method (Olsen and Sommers, 1982) , K by NH4OAc, pH 7.0 extraction method (Barker and Surh, 1982) , S by 0.15M CaCl 2 extraction method , Zn by 0.005M DTPA, pH 7.3 extraction method (Lindsay and Norvell, 1978) and hot water-0.02M CaCl 2 method . All data were analyzed statistically by MSTATc computer programme following the F-test and the mean comparisons of the treatments were done by Duncan's Multiple Range Test (DMRT) at 5% level. 
RESULTS

Effects
of integrated use of manure and fertilizers were investigated directly on Boro rice and their residual effects on T.Aman rice. The results are described below.
Yield and yield attributes of Boro rice
Significant variation was recorded for the plant height of Boro rice (BRRI dhan29) due to application of different manure and chemical fertilizers ( Table 1 ). The tallest plant (101.5 cm) was observed in T 7 treatment (trichocompost) and the shortest (78.6 cm) was found in control (T 1 ) plot. In the second year (2013), the T 4 treatment recorded the highest plant height (95.7 cm), which was statistically similar with other treatments except control (T 1 ), the number of tillers hill -1 showed a significant variation due to imposed treatments ( Table 2 ). The highest number of tillers hill -1 (14.8 in the first year and 12.3 in the second year) was found in T 7 treatment. The lowest number of tillers hill -1 was produced in T 1 (control) treatment in both the years. Panicle length was not significantly influenced by the treatments (Table 2) . In both years, the maximum number of grains panicle -1 (144.7 and 147.5) was recorded in T 7 treatment. Manure treated plots produced higher number of grains panicle -1 as compared to absolute fertilizer treated plots. The highest 1000-grain weight was recorded in T 7 , which was statistically similar with all other treatments except control over the years.
The grain yield of Boro rice was significantly influenced by different treatments (Table 3 ). In 2012, the highest grain yield (6.44 t ha -1 ) was obtained from T 7 treatment (TC + CF), which was statistically similar with T 5 (6.20 t ha -1 ), T 6 (6.30 t ha -1 ) and T 8 (6.34 t ha -1 ). In this year all the manure treated plots produced higher yield compared to absolute chemical fertilizer (T 2 ) and control plots. Similar trend of grain yield was observed in 2013. In both years, the control treatment (T 1 ) produced the lowest grain yield. Like grain yield, the straw yield of Boro rice was markedly influenced by different treatments (Table 3 ). In 2012, the highest straw yield (6.79 t ha -1 ) was obtained from T 7 treatment, which was statistically similar with T 4 , T 5, T 6 and T 8 treatments. In 2013, T 7 recorded the highest straw yield (7.48 t ha -1 ), which was identical with all other treatments except T 2 and T 1 . The lowest straw yields of 2.93 t ha -1 and 3.11 t ha -1 were recorded in control (T 1 ) treatment. Means followed by same letter in a column are not significantly different at 5 % level by DMRT.
SE (±) = standard error of means, CV = Coefficient of variation,** = Significant at 1% level Means followed by same letter in a column are not significantly different at 5 % level by DMRT.
SE (±) = standard error of means, CV = Coefficient of variation,** = Significant at 1% level
Nutrient uptake by Boro rice
The N uptake by Boro rice was significantly affected by the treatments (Table 4 ). The highest total N uptake (145.8 kg ha -1 ,146.3 kg ha -1
) was recorded in T 7 treatment in both years. Cowdung, CD slurry, PM, PM slurry, trichocompost and vermicompost receiving treatments also showed higher N uptake in comparison to absolute chemical fertilizer (T 2 ) and control (T 1 ) treatments. The highest K uptake (121.8 kg ha -1 ) in 2012 was recorded in T 7 treatment, which was statistically similar with T 8 (120.7 kg ha -1 ) and T 5 (116.8 kg ha -1 ). In 2013, the highest K uptake (153.7 kg ha -1 ) was found in T 7 and it was statistically similar with T 4 (136.0 kg ha -1 ), T 5 (141.3 kg ha -1 ), T 6 (137.2 kg ha -1 ) and T 8 (144.3 kg ha -1 ). To the lowest K uptake was always noted in control (T 1 ). For both years, the T 7 showed the highest P uptake (18.66 kg ha -1 , 23.8 kg ha -1 ), which was statistically similar with T 5, T 6 and T 8 treatments (Table  4 ). All other manure treated plots except CD showed higher P uptake as compared to T 2 treatment. Application of manure and fertilizer significantly influenced S uptake by Boro rice (Table 4 ). The highest S uptake was recorded from T 7 (12.08 kg ha -1 , 11.73 kg ha -1 ) and the lowest S uptake in T 1 compared to T 2 and other treatments. Means followed by same letter in a column are not significantly different at 5 % level by DMRT.SE (±) = Standard error of means, CV = Coefficient of variation, ** = Significant at 1% level
Residual effects on T.Aman rice T.Aman rice received N, P, K & S from chemical fertilizer source only. Plant height varied significantly due to residual effect of different types of manure used (Table 5 ).
In the first year, T 4 produced the tallest plant (91.7 cm) which was statistically similar with T 5, T 6, T 7 and T 8 treatments. In the second year, the tallest plants were observed with T 8 treatment, which however was statistically identical with all other treatments except T 1 which exhibited the shortest plants in both years. In 2012, T 7 produced the maximum number of tillers hill -1 (Table 5 ) while in 2013 the highest number of tillers was found in T 8 treatment. The minimum number of tillers hill -1 was always noted in the control (T 1 ).
In 2012, the highest panicle length (26.8 cm) was recorded in T 7 and it was statistically similar with all other treatments except T 1 and T 2 . In 2013, the treatment effects were mostly similar; both T 7 and T 8 produced the biggest size panicle (25.6 cm). In 2012, the maximum number of grains panicle -1 was obtained from T 7 treatment, which was statistically similar with T 4, T 5, T 6 and T 8 treatments (Table 6) . Almost similar trends were observed in 2013. The 1000-grain weight ranged from 20.8 -22.4 g in 2012 and 20.8 -23.1 g in 2013, the highest 1000-grain weight being noted in T 8 and T 7 , respectively (Table 6 ). The control treatment had the lowest 1000-grain weight. However, in the first year, variation in 1000-grain weight due to different treatments was non-significant, and in the second year, all the treatments were similar except T 3 and T 1 in terms of 1000-grain weight. Means followed by same letter in a column are not significantly different at 5 % level by DMRT.SE (±) = Standard error of means, CV = Coefficient of variation, ** = Significant at 1% level
The grain yield of T.Aman rice responded significantly to the residual effect of different treatments (Table 6 ). In 2012, the highest grain yield (4.70 t ha -1 ) was obtained in T 7 , and the next highest yield was due to T 4, T 6 and T 8 treatments, their yields were statistically similar. The lowest grain yield (2.47 t ha -1 ) was observed with the control (T 1 ). In 2013, T 7 also produced the highest grain yield (5.15 t ha -1 ), which was statistically similar with T 8 (4.78 t ha -1 ). Combined application of manure with fertilizers gave better grain yield compared to sole chemical fertilizers. In 2012, the highest straw yield (4.85 t ha -1 ) was obtained from T 7 , which was identical with T 8 (Table 6 ). In 2013, T 7 gave the maximum straw yield (5.03 t ha -1 ), which was significantly higher than all other treatments. Considering mean yield of two years, T 7 produced the highest straw yield (4.94 t ha -1 ). Other manure treatments exhibited comparable yields with T 2 . The lowest straw yield was recorded with the control (T 1 ).
Nutrient uptake
In 2012, the highest N uptake (98.67 kg ha -1 ) was found in T 7 , which was similar to T 8 (Table 7) . Statistically similar N uptake was observed in T 4 and T 6 treatments, which was significantly higher than absolute fertilizer treatment (T 2 ). The lowest N uptake by rice (37.72 kg ha -1 ) was noted in control (T 1 ). Similarly in 2013, the higher N uptake (99.47 kg ha -1 ) was recorded in T 7 that was statistically similar with T 8 (91.61 kg ha -1 ). Means followed by same letter in a column are not significantly different at 5 % level by DMRT.SE (±) = Standard error of means, CV = Coefficient of variation, ** = Significant at 1% level There was a positive residual effect of the treatments on the K uptake by the crop. In 2012, the highest K uptake (109.9 kg ha -1 ) was recorded with T 7 , which was statistically similar with T 4, T 5 and T 8 treatments (97.96, 100.7 and 100.1 kg ha -1 , respectively). The lowest K uptake by rice (44.81kg ha -1 ) was observed in control (T 1 ). In 2013, the highest K uptake (110.7 kg ha -1 ) was found in T 7 , which was statistically identical with T 8. In 2012, the highest P uptake (14.12 kg ha -1 ) was recorded with T 7 and it was statistically similar with T 5, T 6 and T 8 treatments, showing 13.18, 13.70 and 13.43 kg ha -1 , respectively. In 2013, the T 7 also showed the highest P uptake (15.84 kg ha -1 ), followed by T 8 (15.13 kg ha -1
). The T 5 (14.03 kg ha -1 ) and T 6 (14.38 kg ha -1 ) had identical P uptake followed by the T 3 and T 4 treatments. The lowest P uptake by the crop (6.09 kg ha -1 in 2012 and 6.61 kg ha -1 in 2013) was observed in control (T 1 ) plot. In the first year, T 7 treatment had the highest (8.66 kg ha -1 ) S uptake, which was significantly different from all other treatments (Table 10 ). The lowest S uptake by the crop (3.01 kg ha -1 ) was found in control (T 1 ) treatment. In the second year, the highest S uptake by T.Aman rice (9.19 kg ha -1 ) was observed in T 7 and the next highest S uptake (8.37 kg ha -1 ) was noted in T 8 treatment (Table 7) . Means followed by same letter in a column are not significantly different at 5 % level by DMRT.SE (±) = Standard error of means, CV = Coefficient of variation, ** = Significant at 1% level
Change in soil properties
Soil samples from every plot after two crop cycles were analyzed for pH, organic matter, N, P, K, S, Zn and B contents (Table 8 ). There was a little change in soil pH and OM over the treatments. Total N content of soil was higher in plots when organic manure was added to soil and it ranged from 0.138 -0.160% (initial level 0.132%).
There was a decreasing trend of K content in all the treatments compared to initial soil status. Available P content varied from 3.92 -9.52 mg kg -1 (initial status 3.61 mg kg -1 ). Addition of organic manure considerably increased the soil S level. The soil Zn content had remarkably increased, much increase being observed in the TC and PM slurry amended plots. Like Zn content, all the treatments except control increased the B content of soil. Use of Trichoderma compost technology is at initial level in our country. Trichoderma fungi decomposes organic materials in which they grow, colonize plant root system and attack other fungi in the plant's root system and releases compounds that activate plant defense mechanism (Rabbani, 2013) . The potential of organic amendments over chemical fertilizers in suppression of disease incidence has long been recognized (Hadar, 2011; Pane et al., 2011; Bonanomi et al., 2007) . Zaman (2002) reported a comparable crop yield in the rice-rice pattern due to application of 70% NPKS fertilizers plus 3 t ha -1 poultry manure with 100% NPKS sole fertilizers. Rahman (2013) observed a 15-20% yield increase due to combined use of fertilizers with poultry manure or household compost over 100% sole fertilizer treatment. Poultry manure can supply organic C to soil in one way and some growth hormones and concentrates feed to poultry birds can influence the plant growth on the other way.
Between slurry and original manure, the slurry treatment produced statistically higher yield of crops. As reported by Haque (2014) , bio-slurry and original manure can give similar crop yield, with an advantage that cowdung slurry at 5 t ha -1 (15% moisture) application can substitute 18-32% N, 40-100% P and 13-34% K, and poultry manure slurry at 3 t ha -1 application can substitute 15-21% N, 50-100% P and 8 -18% K for the chemical fertilizers in the rice-based cropping systems.
Tricochompost, vermicompost, PM and PM slurry showed also higher and comparable N, P, K and S uptake. Organic manure releases nutrients slowly and it is reflected on the nutrient concentration as well as nutrient uptake, as reported by Saidu et al. (2012) , Ayoola and Makinde (2007) . The increased uptake of nutrients due to NPKS fertilization and organic manure application was due to addition of nutrients and proliferous root system developed under balanced nutrient application resulting in better absorption of water and nutrients along with improved physical environment (Laxminarayana, 2006; Kler and Walia, 2006) . Organic manure showed a positive effect on soil properties, as determined after two crop cycles. Soil organic matter and N contents, and P, S, Zn & B availability in soil showed an increasing trend in IPNS treated plots. On the contrary, the exchangeable K content decreased across the treatments showing a K mining. Soil organic matter undergoes mineralization and releases substantial quantities of nitrogen, phosphorus, sulphur and smaller amount of micronutrients . Vermicompost contains most nutrients in plant available form such as nitrate, phosphate and exchangeable calcium and soluble potassium (Edwards, 1998; Orozco et al., 1996) . Organic fertilizer application, therefore exhibited potential in improving crop yield, N use efficiency and soil health in acid lateritic soil of the subtropical climate (Murmu et al., 2013) .
Thus, sustainable production of crops cannot be achieved by using chemical fertilizers alone because of deterioration in soil physical and biological environments (Khan et al., 2008) . Integrated use of both organic manure and chemical fertilizers appears as the best approach in providing greater stability in production and improving soil fertility status, as evidenced in the past (Islam et al., 2011; Sood, 2007; Singh and Lal, 2006) .
CONCLUSION
Among the IPNS treatments, trichocompost and vermicompost containing treatments showed higher crop yield, followed by poultry manure slurry and cowdung slurry. The IPNS based treatments gave on an average 8.3-33.8% and 2.9-18.3% higher grain yield in Boro and T.Aman rice, respectively over sole chemical fertilizer treatment. Higher nutrient uptake by crops (N, K, P & S) was also observed in IPNS treated plots. The IPNS treatments improved soil fertility in terms of increasing organic matter, N, P and S contents of soil after two crop cycles. It is concluded that manure and fertilizers should be used in an integrated manner to achieve sustainable crop yield, with sustained soil fertility.
